During the past 4 decades, the highest worldwide blood pressure (BP) levels have shifted from high-income countries to low-and middleincome countries. We investigated the association of intragenerational social mobility with changes in BP and also with the incidence of hypertension over a 4-year follow-up.
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During the past 4 decades, the highest worldwide blood pressure (BP) levels have shifted from high-income countries to low-and middle-income countries. 1 In addition, from 2000 to 2010, hypertension awareness, treatment, and control increased substantially in high-income countries, whereas there was less improvement in low-and middle-income countries. 2 It is well recognized that high BP is a major modifiable risk factor for cardiovascular diseases (CVDs). 3 Although low socioeconomic condition has been associated with elevated BP 4,5 and higher incidence of hypertension, 6, 7 the life course social processes behind these associations have scarcely been investigated in low-and middle-income nations.
Social mobility is a concept from Sociology and it primarily applies to societies, not to individuals. 8, 9 It is a structural determinant of health, since it lies beyond the individual and is thus distal to individual health outcomes. 10 Social mobility is defined as the change in socioeconomic status (SES) or position within adulthood (intragenerational mobility) or between generations (inter-generational mobility), and it has been identified as an important driver of health. 11 The general finding is that upward social mobility is protective for health while downward mobility is detrimental. 11, 12 Potential mechanisms linking social mobility to CVD have been attributed to differences in health-related behaviors, 13 cardiometabolic factors, 14 or psychological stress, 15 between individuals with different socioeconomic trajectories.
Brazil is a large middle-income country which has undergone great structural changes in society over the past half century, transforming from an agricultural society to an urban one, in a context of rapid late industrialization. 16 Economic growth, poverty reduction, educational expansion, and increase in female labor market participation have all contributed to an increase in upward social mobility rates. 16, 17 More recently, since the 2000s, Brazilian society has faced a large reduction in income inequality due to increases in the minimum wage, declining unemployment, and anti-poverty policies such as cash transfer programs. 17, 18 Despite these positive social changes, striking socioeconomic inequalities still persist, including marked inequalities in life chances and opportunity. 17 Using longitudinal data from the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil), we investigated whether intragenerational social mobility is associated with changes in BP and also with the incidence of hypertension over a 4-year follow-up. We hypothesized that downward social mobility and stable low groups would show a more rapid increase in BP over time, and a higher incidence of hypertension, than upward mobility and stable high groups.
METHODS

Study design
The ELSA-Brasil is a prospective cohort study designed to investigate social and biological determinants of CVDs and diabetes. 19, 20 A total of 15,105 active or retired civil servants (35-74 years) of universities or research institutions were enrolled in 6 Brazilian cities at baseline (2008) (2009) (2010) . The first follow-up visit was performed approximately 4 years later (2012-2014), with a retention rate of 93% (n = 14,014).
For the present study, participants with prevalent hypertension at baseline (n = 4,847), or missing information on hypertension (n = 70) or social mobility (n = 1,536) were excluded. Retired participants (n = 1,032) were also excluded, since we cannot ascertain their pattern of social mobility from retirement until baseline. We focused on 6,529 participants for analysis, born between 1938 and 1975.
ELSA-Brasil was approved at each of the 6 study centers by the local Institutional Review Board addressing research in human subjects, and all participants gave written consent to participate.
Measures
Intragenerational occupational social mobility was created based on retrospective reports of each participant's first occupation. It was defined as the change in participants' occupational social class from the retrospectively reported first occupation (origin) to the current occupation (destination), obtained from the baseline (2008-2010) face-to-face interview. Since our participants started working at the mean age of 17, the earliest cohort of ELSA-Brasil (born in the 1930s) first entered the labor market in the 1950s and the latest cohort (born in the 1970s) first entered the labor market in the 1990s.
Because occupation does not necessarily infer social position in Brazil, we created a composite index of occupational social class based on: the occupation held by the participant, the expected income based on the participant's educational level (average market value), and the observed income. First, we calculated the mean between the expected and observed income for each participant. Second, we created a score indicating occupational SES using the mean income of individuals within each occupational title. Occupations which require enhanced qualifications and offer greater earnings have higher scores, compared to those occupations with lower educational and income levels. Using these scores, strata were defined in order to achieve a minimum intrastratum variation and the maximum variation between strata, according to the method proposed by Pastore 21 and Silva. 22 Seven occupational strata, or categories, were defined based on these methods: low SES (upper and lower), middle SES (upper, middle, and lower), and high SES (upper and lower). Based on a mobility matrix, 4 different intragenerational social mobility patterns were then identified across these 7 categories: stable high (reference), upward mobility, downward mobility, and stable low ( Table 1) . Upward mobility (above diagonal), downward mobility (below diagonal), stable high (diagonal, middle or high SES in both occasions), and stable low (diagonal, low SES in both occasions). % referred to N = 6,529.
Systolic and diastolic blood pressure (SBP and DBP) were taken using a validated certified oscillometric device (Omron HEM 705CPINT) after a 5-minute rest with the subject in a sitting position in a quiet, temperature-controlled room (20-24 °C) . Three measurements were taken and the average of the second and third measurements was considered in the analyses. 23 Incident hypertension was defined as SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg or confirmed use of antihypertensive medication at first follow-up visit (2012-2014) (in the interview, participants showed prescriptions and/or medicine packs and were asked: "Are any of the drugs you have taken in the past two weeks for hypertension?"). 24 Background characteristics were: age (continuous), sex, and self-reported color/race (White, "Pardo, " Black, Asian descent, Indigenous).
Health-related behaviors capture those associated with high BP and hypertension risk. Pack-years of smoking (continuous) was captured based on the average number of cigarettes smoked per day times the number of years smoked. Leisure-time physical activity (continuous) was captured using the International Physical Activity Questionnaire (IPAQ) 25 in min/week. Alcohol consumption (continuous) was assessed through the amount ingested in g/week. Salt consumption (continuous) was evaluated using a 12-hour urine sample in g/day. 26 Body mass index (BMI) (continuous) was obtained using measured weight and height (kg/m 2 ). Diabetes was defined according to the American Diabetes Association as described elsewhere. 20 According to our theoretical model (Figure 1 ), downward occupational social mobility might lead to a more rapid increase in BP over the follow-up, and to a higher incidence of hypertension through changes in health-related behaviors (i.e., unhealthier behaviors of the social class they enter, such as smoking, physical inactivity, alcohol consumption, and salt consumption), which could negatively impact BMI, an important proximal risk factor for high BP and hypertension. 27 Thus, health-related behaviors and BMI may partially mediate the association between social mobility and changes in BP and incidence of hypertension. Moreover, these relationships would occur independently of individual background characteristics (age, sex, and color/race).
Statistical analysis
The association between social mobility and BP changes was examined using linear mixed effects models, and the association between social mobility and hypertension incidence was examined using mixed effects logistic regression models. Mixed effects models accounted for both the correlation between repeated measures on the same individual over time and on the individuals from the same study center.
SBP, DBP, and hypertension incidence were analyzed in separate models. Analyses were adjusted for age, sex, color/ race, time since baseline, and also proximal risk factors that may partially act as mediators such as smoking, physical activity, alcohol consumption, salt consumption, BMI, and diabetes. SBP and DBP analyses were also adjusted for antihypertensive medication use at first follow-up visit (2012-2014).
Age, physical activity, alcohol consumption, salt consumption, and BMI were treated as time-dependent covariates (both baseline (2008-2010) and first follow-up visit (2012-2014) measures were included in the analysis). The inclusion of an interaction term (social mobility * time since baseline) in the fully adjusted models was not significant, for none of the outcomes investigated (P > 0.05). Analyses were performed using the R software, version 3.2.4.
RESULTS
Most of ELSA-Brasil's respondents (60.5%) experienced upward occupational social mobility between their first and their current job, whereas downward mobility occurred for 18.5%. Occupational social class remained consistently high (stable high) for 12.2%, while 8.8% were persistently low (stable low). Higher mean BP at baseline was observed among those with a stable low pattern of social mobility. Individuals in the downward mobility group had higher mean BP at baseline than those in the upward mobility group, for both SBP and DBP. Higher mean BP at baseline was also observed among male sex, older age (only for SBP), lower education, Indigenous, and Black participants, those with a greater amount of pack-years smoked, those with greater alcohol and salt consumption, and those with excess weight (Table 2) .
Regarding 4-year changes in BP (mean follow-up = 3.9, median = 4.0, range = 2-6 years), both SBP and DBP increased over time in all groups of social mobility. Increases in SBP were greater in the stable low group than in the downward mobility group, whereas increases in DBP were greater in the downward mobility group than in the stable low one. Those in the upward mobility and stable high groups showed the lowest increases in both SBP and DBP over time. Differences between the 4 groups of social mobility were also seen for the incidence of hypertension. Stable low group showed the highest hypertension incidence, followed by the downwardly mobile group, the upwardly mobile group, and the stable high group (Table 3) . Overall incidence of hypertension among study participants (N = 6,529) was 15% (data not shown). Adjusted 4-year increases in BP were markedly greater in downward and stable low groups than in stable high group (Table 4) . Compared to the stable high group, the downward and stable low groups showed a more rapid increase over time in both SBP and DBP after adjustment for age, sex, color/race, time since baseline, antihypertensive medication use at first follow-up visit (Model 1) and also proximal risk factors such as smoking, physical activity, alcohol consumption, salt consumption (Model 2), BMI and diabetes (Model 3). In contrast, upward mobility showed a much lower influence on SBP and DBP changes over time. Estimates for the association between social mobility and hypertension incidence were weak and nonsignificant. Compared to the stable high group, downward mobility and upward mobility groups showed similar results, both in minimally and fully adjusted models. Stable low group showed the highest incidence of hypertension, although nonsignificant (Table 4) .
DISCUSSION
In this large Brazilian sample followed for approximately 4 years, we found that the increase in SBP and DBP was more pronounced in those who experienced downward mobility or a stable low pattern than in those with upward mobility or a stable high pattern. Our cohort has aged over the follow-up, but our findings showed that over and above the aging-related changes in BP over time, BP changes did not occur homogeneously across social mobility groups, which demonstrate socioeconomic inequalities in BP progression over the life course. To the best of our knowledge, this is the first study that has investigated the association between social mobility and longitudinal changes in BP. Other studies, looking at SES differences (but not SES mobility) on BP changes have also shown higher increases in BP over time among socioeconomically disadvantaged groups, 4, 5, 28, 29 although some authors found no association. 3 Despite the existing evidence, using SES individual-level factors, our study demonstrated the impact of a structural-level social determinant, i.e., social mobility, 9,10 on individuals' health. a Hypertensive participants at baseline (N = 4,847) were excluded. Table 4 . Adjusted 4-year changes in blood pressure (BP) and adjusted odds ratios (ORs) of hypertension incidence between baseline and first follow-up visit, by social mobility groups.
Model 1 Model 2 Model 3
Changes in SBP -β (95% CI) In our study, social mobility was not associated with the incidence of hypertension (Table 4 ). This could be partly explained by the relatively short follow-up period of our cohort. We could speculate that downwardly mobile and stable low participants (whose increases in BP between baseline and first follow-up visit were the highest) would achieve BP values compatible with hypertension classification, if they were followed up for a longer period. We will be able to confirm this in future follow-ups of ELSA-Brasil. In contrast to our results, other studies with longer follow-ups (10 years or more) 6, 30 showed that declines in SES trajectory throughout the life course predicted incident hypertension, which lends support for our argument.
Those who were consistently exposed to low SES over adulthood (stable low) showed the greatest increases in BP during the follow-up (Table 4 ). This might suggest that the relationship between life course SES and high BP in adulthood operates also through a cumulative way, or according to a cumulative risks model, besides the mobility one. The accumulation model posits that the greater the time spent in adverse SES conditions over the life course, the worse is the cumulative damage to biological systems, which translates to worse CVD outcomes. 27 Thus, our findings illustrate that these life course models (social mobility vs. accumulation), although contrasting, are interrelated in such a way that they cannot be disentangled, as other authors have demonstrated empirically. 11 According to our theoretical model, health-related behaviors (smoking, physical activity, alcohol consumption, and salt consumption) and BMI are part of the mechanism that links social mobility to high BP and hypertension incidence (Figure 1) . In other words, they may partially mediate this relationship. However, the adjustment for health behaviors had little effect on the associations we found, which could suggest complementary potential mechanisms linking social mobility to BP changes. Recent studies have demonstrated an important role of psychological stress on the association between intragenerational social mobility and health, through potential effects of downward mobility on higher hair cortisol concentrations (an endocrine marker of stress-related responses on health), 31 higher levels of functional somatic symptoms, 15 and also DNA methylation in genes related to stress reactivity. 32 Taken together, these results suggest that downward intragenerational class transitions in the social hierarchy are related to losses of social status and prestige, which might cause feelings of self-blame, distress, and perceived failure in one's own career, promoting chronic psychological stress. In turn, greater stress reactivity and poor stress recovery are associated with higher future BP 28 and development of CVD. 33 There are a number of important strengths to our study. First, the longitudinal design and the prospective assessment of BP ensured a temporal progression from social mobility to increase in BP between baseline and first follow-up visit, which provides greater support for the causal pathway. Second, our indicator of occupational social class is a composite measure based on occupation, income, and education, allowing us to capture more fully the participants' social class mobility and the socioeconomic patterning of BP changes. Third, our results are based on a large sample from Brazil, a middle-income country which has undergone high social mobility rates since the 1970s 16, 17 (over 85% of our participants first entered the labor market from 1970 on). ELSA-Brasil is uniquely positioned to consider the impact of these demographic changes on the health of the population as it ages. Furthermore, healthselected downward mobility does not seem to be likely in our study because ELSA-Brasil is a population of healthy workers, and retired participants were excluded from this analysis as well as those hypertensive subjects at baseline.
In spite of these strengths, there are a number of limitations. Our study was limited to about 4-year follow-up period. This could have limited the time window necessary for hypertension to develop and be detected (or "latency period") among the participants. Moreover, our analyses would benefit from additional longitudinal BP measures, which could generate a more robust trend in BP changes. In addition, since social mobility is operationalized with 2 time points in adulthood, participants might have experienced some class transitions that we were unable to capture. Lastly, ELSA-Brasil is not a population-based study. It includes civil servants from universities and research institutions and it does not include those at the extremes of the social hierarchy (i.e., the highest-and the lowest-income strata). Since social mobility in Brazil has been shown to be higher in the intermediary social stratum, 34 it is possible that social mobility estimates are overrepresented in our study.
In conclusion, we found that the longitudinal increase in BP was not equally distributed, nor determined solely by the aging of our population. Instead, we showed that BP changes were socially patterned and varied by intragenerational social mobility groups. The magnitude of increase in BP over time was substantially different depending on the direction of SES change, i.e., upward or downward. Downwardly mobile and stable low individuals showed the highest increases in BP, putting them at risk for future development of hypertension and CVD. This is especially concerning since individuals in this socioeconomic position often have reduced access to material resources and medical care, and high BP may goes untreated and undetected among them. Although BP increase among downward and stable low groups seems small, it is relevant from the public health perspective (e.g., a reduction of 2 mm Hg in population-mean SBP may reduce mortality from stroke and ischemic heart disease by 10% and 7%, respectively 35 ). The negative consequences of downward social mobility and persistently low SES for adult BP could potentially be reduced by providing opportunities for upward social mobility through equal access to educational opportunities. 9, 12, 16 Our findings shed light on the role of structural-level factors, i.e., social class mobility, as a potential driver of socioeconomic inequalities in BP change in the context of low-and middle-income countries, where high BP has become most prevalent.
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